SEISMIC DESIGN PHILOSOPHY FOR AKASHI KAIKYO BRIDGE

Design Seismic Input
The common seismic input for each foundation was defined as the envelope of two acceleration response spectra on the ground surface, assuming that bedrock equivalent to Type I (defined in the Specifications for Highway Bridges) is exposed at the ground surface:
(1) Acceleration response spectrum at the point of bridge construction in the case of an earthquake of magnitude 8.5 at an epicentral distance of 150 km (2) Since a nearby earthquake could cause greater seismic loading than in (1) above, response spectra for past earthquakes (of magnitude 6.0 or more within a radius of 300 km) evaluated from the theory of probability for a recurrence interval of 150 years The Akashi Kaikyo Bridge has the following unique characteristics as compared with bridge constructed in the past:
(1) The substructure is particularly large.
(2) Since the granite rock stratum is extremely deep at the point construction, the thick soft rock layer (the Kobe layer) of the Miocene epoch of Neocene and the unconsolidated gravel stratum (the Akashi layer) of the Pliocene to diluvial epoches laid down on top of the granite have to be the bearing layers. Due to these unique characteristics, the geological conditions at each foundation position were required to be modeled accurately. Further, a new seismic design procedure was established to take into account the non-linear nature of the ground during an earthquake, and the dynamic interactions between the foundations and ground. The foundation response was obtained by means of dynamic analysis using a rigid-body system model with two degrees of freedom as in the earlier standards as well as by carrying out stability checks by means of time-history response with an FEM model able to accurately take into account nearby ground conditions when checking the seismic stability of the foundations. Table 1 shows the list of the observation and their results obtained at the Akashi Kaikyo Bridge site and Fig.6 shows the points of the observation. Fig.7 shows the distribution of maximum acceleration observed in each of these observations. 
EARTHQUAKE RECORDS IN THE VICINITY OF THE AKASHI STRAIT
EFFECT ON THE AKASHI-KAIKYO BRIDGE
At the time of the Southern Hyogo Earthquake on January 17, 1995, work on the AKashi-Kaikyo Bridge was at the stage of cable squeezing. As soon as possible after the earthquake, investigations of the situation were undertaken by means of structural inspections, surveys, underwater cameras, etc. to estimate the effects of the earthquake on the structure as well as on the bed rock. The results of these investigations are described below.
(1) No damage was incurred by the already-erected main structures, including the anchorages, tower foundations, towers, and cables, etc. Table 2 shows the results of visual inspections urgently conducted immediately after the earthquake (from January 17 to 19). No visual damage were noted on the structures of the 1A and 4A anchorages. Nor were any visual damage noted on the main towers, cables, catwalks, etc. 1) It is found that no slippage of the main tower foundations occurred, judging from the result of visual ground survey with an underwater camera, sounding surveys, and measurement of the rock bed displacement. 2) With respect to the condition of the ground around the towers, no particularly notable uplift or settlement could be seen.
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EFFECT OF DISPLACEMENT ON THE STRUCTURE
The effect of the displacement caused by the earthquake on the skeleton of the Akashi-Kaikyo Bridge is shown in Fig.10 The effects of changes caused by the earthquake, and the measures being taken to cope with them, are summarized in the table below. Table 3 Effects of changes and measures to cope with them
Issue
Effects of earthquake and measures to cope with them Strength According to the results of an analysis in which the earthquakeinduced foundation displacement is added to the completed structure, there would appear to be no problems from a stress viewpoint as regards towers, cables, the stiffening girder, etc.
Alignment Although the part of vertical alignment exceeds 3% due to the lessened cable sag in the center and the side spans, no problem will occur under the conditions of the highway structure ordinance. Also, the horizontal alignment is now off by about 0.03 degree at the tower, which is not expected to present problems as far as the passage of cars is concerned.
span The increased 2P-3P and 3P-4A spans will be coped with by adjusting the length of the stiffening girder now being fabricated.
